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(57) Abstract: This invention addresses the elimination of both organic and inorganic total carbon resulting from carbonates and 
organic matters contained in zinc silicate concentrates. As it takes full advantage of the neutralizing power of the flotated concentrate, 
this process has two additional benefits: its high efficiency in removing magnesium, an element that is detrimental to the electrolytic 
process in zinc production, and its capacity of fully purging the excess waters in the hydrometallurgical zinc process which causes 
dilution in the metal production circuit. This process consists of the direct high-pressure treatment of the zinc ^^""^^ 
in autoclaves at elevated temperature with secondary Zn-bearing solutions, thereby avoiding the costly calcination (600-900 C) or 
calcine grinding stages, as the granulometry that is obtained from the concentrate flotation and enrichment process is enough for 
reactions at high temperatures and pressures. 
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A PROCESS TO ELIMINATE BOTH ORGANIC AND INORGANIC 
TOTAL CARBON IN ZINC SILICATE CONCENTRATE, WITH AN 
ADDITIONAL EFFECT OF PURGING BOTH WATERS AND MAGNESIUM IN 
THE ZINC PRODUCTION CIRCUIT. 
5 This invention is designed to provide an innovative process to totally remove 

* 

organic matters and carbonates from zinc silicate concentrates, as well to purge water 
and magnesium at zinc plants. 

Organic matters are detrimental to the zinc production process, especially at 
the purification stage as well as at the electrolytic process, as they reduce metal 
10 electroplating efficiency and cause sticky to the cathodic deposit, thus adversely 
affecting stripping at the cathodic plate. With the conventional process organic 
matters are removed by way of a costly concentrate calcination process at high 
temperatures exceeding 600°C. 

Since the water balance must be fine adjusted in the zinc production process, 
this balance adjustment often requires sacrificial cells in the zinc electrolysis and low 
zinc exhaustion contents for the subsequent zinc precipitation stages with lime or 
limestone addition for the effluent treatment, or by simple neutralization, thus 
leading to metal recovery losses. This invention uses at a maximum the 
neutralization power of the very zinc concentrate and takes advantage of the proper 
20 conditions for maximization of reaction kinetics with high metal recovery 
efficiencies. 

Magnesium is another element harmful to a zinc production process. This 
element not only adversely affects the impurity removal stage but also cause the ohm 
resistance of the zinc electrolytic bath, thus decreasing electroplating efficiency. This 
25 invention provides the necessary selectivity in order to leave the element magnesium 
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in solution for total purge of the liquid phase and extraction of most part of this 
element found in the treated concentrate. 

Therefore, the chief advantages of this new process are: 

• totally eliminates flotated concentrate calcination (600-900°C) ; 

• eliminates subsequent grinding of the resulting calcine; 

• reduces the zinc content in effluents for the necessary neutralization; 

• eliminates foams during the flotated cake leaching stage; 

• increases the zinc electroplating efficiency by obtaining an organic matter free 
solution; 

10 • increases the overall zinc recovery output by dramatically reducing metal 
neutralizations and recycling operations whose processes often result from 
ineffective neutralizations. 

In order to meet these purposes the Applicant has developed a total organic 
and inorganic carbon and magnesium elimination process in zinc silicate flotated 
15 concentrate with an added effect of purging waters in the zinc production circuit 
characterized by the direct treatment of the autoclave-flotated concentrate, at high 
pressure and temperature, with secondary solutions containing zinc. 

This process consists of treating the zinc silicate flotated concentrate, with no 
calcination, with secondary or wash zinc solutions in autoclaves at temperatures 
20 ranging from about 160 6 C to about 200°C and pressures from 11 bar to 19 bar. The 
determination of the working temperature/pressure conditions on the autoclaves 
depends upon the 

residence time available on the autoclaves. The longer the residence time, the lower 
the required temperatures and pressures to meet the objectives, namely: total carbon 
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decomposition in the form of carbonates and/or in the form of organic matters; 
selective zinc precipitation and magnesium extraction for the liquid part. Following 
autoclaving, the pulp may be discharged to flash tanks in order to reduce both 
pressures and temperatures up to atmospheric condition. The resulting pulp is 
5 thickened and filtered. The low zinc content filtrate may be directed to either the 
neutralization or effluent treatment section, and the cake may be leached using 
sulphuric acid to produce zinc sulphate solution. 

Within the autoclaves the initial pressure is produced by the added vapor, but 
subsequently it rises with the decomposition of the carbonates and organic carbon, 
10 which are converted into carbon gas and water as shown from this reaction: 



ZnS0 4 + Zn 2 Si0 4 + 6H 2 0 + CaCo 3 + MgC0 3 ► ZnS0 4 2Zn (OH) 2 .4H 2 0 + Si0 2 



Since the selective zinc precipitation from secondary solutions generates a 
high output with the benefit of the reaction kinetics at high temperatures and 
15 pressures, which are not possible with conventional reactors, the plant effluent 
treatment system using this technologic innovation with have a decreased 
contribution of the metal to treat, thus promoting productivity and cutting down on 
the consumed reagents. 



20 excellent zinc recovery outputs (98.5%), with the additional advantage of improved 
times for filtration and thickening of the leached pulp for leaching of the autoclave- 
treated flotated concentrate versus the conventional calcine leaching process. 

The overall zinc recovery output on silicate plants is increased with this new 
process because the inefficiencies of metal recycling under the effluent treatment are 

25 not present. 



+ Ca (OH) 2 + Mg (OH) 2 + 2 C0 2 




w 
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The following are illustrative examples which should not be considered as 
limiting the invention's scope. 

In order to test this process bench-scale experiments have been ordered using 
amounts of raw flotated concentrate raging from lOOg to 2000g, as well as 
5 continuous duty tests run on a pilot plant for 200Kg/day operating 24 hours a day 
during 60 hours. 



The autoclave treatment testing of the raw flotated concentrate was bench- 
conducted using 100 g sample, 160°C temperature, and synthetic solution to simulate 
the secondary with 39 g/L Zn and 4 g/L Mg. The residence time was set to 90 
minutes. Following the autoclave treatment testing of the raw flotated concentrate, 
15 the liquid was discarded and the resulting cake was added to a sulphuric acid solution 
at 200 g/L to simulate the starting leaching and check for foam formation. 

The results of the autoclave treatment of the raw concentrate using zinc 
sulphate synthetic solution and magnesium are shown in Figure I attached herewith. 



20 added to a sulphuric acid solution at 200 g/L to simulate silicate concentrate leaching 
conditions; the qualitative results are shown in Figure II attached herewith. 
TEST CONCLUSIONS: 

• The zinc contained in the secondary synthetic solution was precipitated with 
excellent performance in the autoclave; 
25 • No magnesium precipitation occurred, but in contrast about 60% of element in 



EXAMPLE 1: 



BENCH-SCALE TESTING RUN IN LABORATORY: 



The first tests were conducted in laboratory within April 8 and April 11, 



10 



2002. 



The cakes resulting from filtration of the autoclave treated concentrate were 
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the concentrate was extracted; 

• The zinc precipitation efficiency was as high as 99% (test 4); 

• The treatment of the raw concentrate eliminated the carbonate from the 
concentrate, as evidenced by the appearance of no effervescence during leaching, 
but no carbonate or total organic matter analyses have been conducted with the 
leached filtrate; 

• No foam formation occurred during leaching, an evidence of decomposition of 
the organic matter and carbonates converted into CO2 and water, which is 
demonstrated by the increased autoclave pressure; 

• Because of the successful tests with the autoclave treatment of the raw willemite 
concentrate, a second testing stage was suggested to confirm the results using 
larger scale tests. 

EXAMPLE 2: 

CONFIRMATION OF THE RESULTS OF THE RAW 
CONCENTRATE TREATMENT WITH LABORATORY BATCH 
TESTING: 

The tests were conducted within April 22 and April 25, 2002. 



The composition of the concentrate used for the autoclave tests was as 
follows: 

Chemical Analysis: 



Zn 


MgO 


CaO 


F (%) 


Carbonates 


Si02 


Moisture 


(%) 


(%) 


(%) 




(%) 


(%) 


(%) 


42.74 


2.32 


3.22 


0.0210 


8.72 


27.0 


8.6 



Granulometry: 
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Sieve (mesh) 


60 


80 


100 


170 


200 


270 


325 


Unders (%) 


99.8 


98.7 


95.5 


81.4 


75.4 


68.6 


63.2 



TEST 1 - Determining the optimal autoclave operation time: 
The secondary solution was synthesized from the composition of the solution 
with initial analysis as follows: 

Solution analysis G/ L 

Ca 0.12 
Mg 3.79 
Mn 0.68 
Si 0.25 
Zn 31.7 
PH 4.00 

The autoclave feed pulp was prepared using the zinc silicate flotated 
concentrate and synthetic secondary solution at 20% solids. 

The autoclave-treated test of the flotated concentrate monitored the results 
every 30 minutes of reactions in order to determine the best residence time. The 
operation parameters used as well as the test results are shown in Figure m attached 
herewith. 

TEST 2 - Limestone addition (calcium carbonate) to improve efficiency of the 
neutralization and precipitation of the zinc contained in the secondary solution: 

Both test conditions and results are shown in Figure IV attached herewith. 

As can be seen from the results, there is evidence that the zinc precipitation 
efficiency rose to 99.9%. No magnesium precipitation occurred but rather it 
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solubilized in the concentrate at around 60%, an evidence of how powerful the zinc 
production process is in removing this harmful element. 

The leaching was tested of the cake obtained under this test number 2, and the 
result thereof demonstrated no foam formation. The TOC - Total Organic Carbon - 
5 analysis confirmed that no organic carbon was present, and a chemical analysis 
thereof showed a content lower than the detection range of the analysis apparatus, 
i.e., 4 mg/liter, as indicated in Figure V attached herewith. 

CONCLUSIONS: 

• Proof of zinc precipitation efficiency and magnesium extraction was evidenced 
10 by batch tests using larger amounts of fed materials. 

• The organic matter is decomposed in the autoclave into C02 and water, which 
was practically demonstrated not only by the elimination of effervescence and 
foaming but also by TOC - Total Organic Matter - chemical analysis, matter 
which was not detectable when the autoclave-treated cake was leached. Under 

15 the raw concentrate leaching test, with no treatment, this was 80 ppm. 

EXAMPLE 3: 

CONTINUAL TREATMENT TESTING OF FLOTATED 



PLANT 



LABORATORY AUTOCLAVES: 



20 Continuous treatment tests were conducted of the raw flotated concentrate 

with the purpose of reproducing results which had already been reached with batch 
tests within June 12 and June 17, 2002. 

Continual Test Flow Chart - this is shown in Figure VI attached herewith. 
The results are found in Figures VII through DC attached herewith. 
25 Test time was 60 hours, using continuous duty with rotation shift. The results 
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demonstrated that: 

• The zinc precipitation and magnesium efficiencies were best with 25% solid 
concentration. 

• The optimal residence time was 90 minutes at 200°C, which resulted in leached 
autoclave-treated cakes WITH NO FOAM FORMATION. 



LEACHING TEST OF CAKES RESULTING FROM THICKENER UNDERFLOW 
FILTRATION IN LABORATORY: 

This consisted of continuous pilot tests designed to determine leaching 
performance of autoclave cakes considering the following: foam evolution, filtration 
time, sedimentation, and leaching output. 

The tests used autoclaved concentrates and leaching solution with 196 g/1 
acidity, 65 - 70 6 C temperature, and 07:00 h residence time. 

The results are shown in Figures X through XII attached herewith and are as 



• Mg concentration is reduced by 1 g/1 in the solution resulting from the 
leaching using the autoclaved concentrate; 

• Leaching outputs were very good: approximately 98.5% of zinc extraction; 

• Fluoride content decreased by 7 mg/L (see Figure XIV attached herewith); 

• Thickening and filtration efficiencies were better in the leaching of the 
autoclave-treated flotated concentrate than the leaching of silicate calcines, 
which permits a reduction in the size of such items of equipment as 
thickeners and also in the filtration area; 

• The tests evidenced that no foam formation occurred during leaching of the 
autoclaved concentrate. 



EXAMPLE 4: 



follows: 
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Figure XDI attached herewith shows comparative sedimentation efficiencies 
in 250 ml test tube (at 33% dilution) for the autoclave-treated flotated 
concentrate. 
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CLAIMS 

1. A process to eliminate both organic and inorganic total carbon in zinc 
silicate concentrate, with an additional effect of purging both waters and magnesium 
in the zinc production circuit, characterized by the direct treatment of the autoclave- 

5 flotated concentrate, at high pressure and temperature, with secondary solutions 
containing zinc. 

2. A process to eliminate both organic and inorganic total carbon in zinc 
silicate concentrate, with an additional effect of purging both waters and magnesium 
in the zinc production circuit according to claim 1, characterized by the fact that, 

10 following autoclaving, the pulp may be discharged into flash tanks, in order to reduce 
both pressure and temperature up to atmospheric condition. 

3. A process to eliminate both organic and inorganic total carbon in zinc 
silicate concentrate, with an additional effect of purging both waters and magnesium 
in the zinc production circuit according to claims 1 and 3, characterized by the fact 

15 that the pulp obtained may be thickened and filtered. 

4. A process to eliminate both organic and inorganic total carbon in zinc 
silicate concentrate, with an additional effect of purging both waters and magnesium 
in the zinc production circuit according to claim 1 characterized by the fact that the 
low zinc content filtrate may be directed to either the neutralization or effluent 

20 treatment section and the cake may be leached using sulphuric acid to produce zinc 
sulphate solution. 

5. A process to eliminate both organic and inorganic total carbon in zinc 
silicate concentrate, with an additional effect of purging both waters and magnesium 
in the zinc production circuit, characterized by the fact that the zinc silicate flotated 

25 concentrate may be treated, with no calcination, with secondary zinc 
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solutions in autoclaves at temperatures ranging from about 160°C to about 200°C e 
pressures from 1 1 bar to 19 bar. 

6. A process to eliminate both organic and inorganic total carbon in zinc 
silicate concentrate, with an additional effect of purging both waters and magnesium 
in the zinc production circuit according to claim 5, characterized by the fact that, 
following autoclaving, the pulp may be discharged into flash tanks, in order to reduce 
both pressure and temperature up to atmospheric condition. 

7. A process to eliminate both organic and inorganic total carbon in ziric 
silicate concentrate, with an additional effect of purging both waters and magnesium 
in the zinc production circuit according to claims 5 and 6, characterized by the fact 
that the pulp obtained may be thickened arid filtered. 

8. A process to eliminate both organic arid iriorgariic total carbon in ziric 
silicate concentrate, with an additional effect of purging both waters and magnesium 
in the zinc production circuit according to claim 5, characterized by the fact that the 
low zinc content filtrate may be directed to either the neutralization or effluent 
treatment section and the cake may be leached using sulphuric acid to produce zinc 
sulphate solution. 



WO 2004/020678 



1/14 



PCT/BR2003/000096 




WO 2004/020678 



2/14 




i 



WO 2004/020678 



3/14 



PCT/BR2003/000096 



on 



1 



o 

00 



vo 



1 

o 



m cn 
oo -1 o< 

O rf 



N M 00 

t*-* *"? vd 
cs o 



ON «S »-» 



v> h m m o < 
n w \o N M Tf 

O O O i-H v© 



on o vo «n 

OO OO VO C^i O Oi 

d vd 6 d (s vi 



t*« on ovo <o 
o> oo vo m o ON 

O VO O O <N «0 



VO 
ON 



m 

ON 



vo* 

00 



a 
o 



ON 



VO 



vo 



00 
ON 



2 on oo vo <_ 

O V) vO <S ^ 

«n o o ^ »o 



ON 
VN 



0> 



«n ™ o 

M M ON 



CN ON 00 O 

vq cn ; o 

O CO O © CO 



2 



i 

I 




1 



g 
1 

CO 



1 


• 


1 

k 






1 




TV 


i 






i 



9 

II 

4> 



•1 



at 



J 

ISL 



WO 2004/020678 





PCT/BR2003/000096 



4/14 




WO 2004/020678 



6/14 



PCT/BR2003/000096 




WO 2004/020678 




7/14 



PCT7BR2003/000096 



& 
1 



00 



Vf 00 
t— I o 

en 3 



s i 

en 






3 2j ^ 
cn <t> 



^ 3 



ON 



i-H cm 




J 



vo 



"55 



00 



"5o- 



cm 2£ 

J 00 ~ 



CS oo 



c* 



•6 




CO 



cm 



2 



"58 cT 



c* 
cm 



f* en vo 



oo cm oo 

?5 jd ^ 

{5 w *o 



"oo cT 



en 
oo oc 

cm 



cm 



a S3 

«ri 00 



oo— cT 



|| 

# a 



GO Pti 



a- ST 



o 

VO 



8 

f— t 



"8 

H 



CO 



cm 



o 
cm 



o 



o 

GQ 

I 

"3 



^. n ^ ti * « 

h yo »n H 6o 



CO «-« «— I i— I *H 



3 



o 



£J »n m rt 

CO ~H •— 1 



Cm CO 



O *—* 

* 3 s 

C< «n 



S =3= — =3= — 55" 

J2 xo «n tt 
en « t-H 



o> 

8 en 



00 CS <r> *n p-4 m q> 

© © r> ^° VD — « 
~* ~* — • cm 




8 : 



I 1 



8 
S 



S £: S § fl * * t 

M ^ « N « « H 



O 
CHI 



"3" 



"OO" 
Ok 



22§gS23<* 



_ g\ OS vo 

0\ O 0\ 0\ rt 

•i cm *-t i— i 



" « N * «— ♦ 4 ^-H 




oooooooo 

oooooooo 



1 



•i 



s 



3 53 0 3 3 8 £ 



VO 



en 
oo 



^ n >n 
n S ^ 

C* «-H fH 



vo VO] 

en «1 

vo 



oo 
vo 



!8 



S3 



i 

CO 



CM 

1 

"3 



"5" 

en 



"©- 
cm 



oo 



^ ^ « - M 



55 

vo ^ 



cm 

w gi !2 2 



vo 



"3 «n 00 ' "VA 

2 S 2 2^ 



N U ^ Oi 

2 W n « 



cn 



00 vi 



i-l « cm 



8 



00 
00 

ON 



cm cm cm os 



00 
en 
en 



c4 cm o fc*. 
cn ^* rr • o 



y m « « h 



^53 




S 0? 



J E I 

s; -3 5 

Q- *s *« 

ft 13 CQ 



09 



WO 2004/020678 



PCT/BR2003/000096 



8/14 



ft 



H 
O 



o 

to 
H 



50 
& 
P 



00 



00 



00 
I 

en 



3 



en — < 



OS 

en 





en »n 

4 § 



cn >o 

J Q 



00 



«S 00 



J 



vo 



<^ 22 on jn cn 55 g= — c¥ 

; 3 a ^ n «n « « 

O CJ C3 o r-> <-S 



en 



m 



PO ON 



on <R "5" 
<n cn cn c* cs o* 



«0 0> * - — 



«n ^ 

cn ^ n (»5 n « h H 




~c5 IS «5 3 """5 *o — C&" 



— «o — CrT 

2f oo 00 00 

ON ON OS ON ON 



ON OO ON t 

a si 



"S en w-i — Co — u=i — v3~ 
vo vo so vo* vo vo* 



o «r» 10 in " 

^•'vdvdvo'vdvdvdvd 



"F5 ^ 06 6 

vi OO ON O C* 
^ « Tf 



o en 
o en m 

^ n ri 



"c"S ^ 55 <T? ro «r> 

cn en »— • o o o o < 



^ ci l»» t> 



IS" 



n « h 



53 t-. 
■si* r~i 



o *> vo so so so BnT 
tJ* so so vo so vo so* 



m 00 

^a- SO SQ SO SO SO V-{ 



^ ?h ci f: so — ST 

OO O ~4 «pH t> 
00 00 ON ON ON ON 



ON 

« - 

Tf 00 

00 00 



ON 



ON <s so K 

a* s* £ « 

O0 ON ON ON 



^ J=5 C*j &N "=i " 

■J (** VO Vfi' o' Oi 

OQ 00 OO OO 00 ON OO 



O C*» ON 

CS SO 00 00 «— J O 
t** ^ t> t> O0 ON 



00 m oe *r\ 



£ p ? £ JS ss 



"3 *F ""h c5 ^ — "=r 

^ y5 s s s s s 



"o E 5 ^ en en en 5T 

^ « h ^ h p» fs 



oS vn rn v> 3 so so 
On vd op" 00 00 

00 ON ON ON ON 



§5 g 



04 so 

ON ON 



VN 
ON 



t> 00 o\ 
Qv on on 



55 

O 

U 

S 

H 



o 
03 



# # ^ ^ ^ # # 



i 



j 5 3 



8 



8 



H O 



•f9 
Q 




§ 

I 
*o 
J5Q- 



8 



m 



oq O O 



«n 
O 




s 



O O 



S 8 8 -a P 



i 

1 1 

1 1 

.a 



EC 



II 

a. 



WO 2004/020678 



9/14 



PCT7BR2003/000096 



8 

u 

A 

5 

a 

5 



Q 



O 

CO 

H 

CO 

63 

GO 

O 



u 
o 

CO 

1 



CS 
i 

00 



00 

o 

I 

CO 



CO 



co 



ro 



cS 



cs 



8 



oo 
in 



00 



5 



co 
o 



cs 
I 

m 



m 
-i 
i 

vo 



VO 

o 

I 



3 

i 

00 



oo 

I 

cs 



GO 

§ 



ON 

co 



oo 

CO 



in 



in 



oo 

CO 



CO 



oo 



CO 



as 
to 



co 

CO 



oo 



CS 



92 

I 

8 



O0 



oo 



m 



O 
in 



CO 



oo 
m 
cs 



CO 



CS 



8 

I 



CO 

ON 
CS 



cs 

CO 



CS 
ON 

cs 



cs 

VO 

cs 



oo 
cs 



cs 

CO 



CO 



oo 

CO 
CO 



•a 



in 

in 



cs 
oo' 



vq 
in 



to 

vo" 
CS 



cs 



*n 
CS 



oo 
CS 



OQ 

on 

CS 



cs 
co" 

CO 



§ 



i 
8 



a<3 



O 



vo 

CO 



on 
to 



on 
cs 



ON 

vo 



CS 

cs 

CO 



vo 

in 
cs 



TJ- 
CS 



CS 
CS 



o 



VO 
CS 

vo 



OA 
CO 



m 

vd 

CS 



cs 
vo 



ON 

cs 



CS 
CS 



cs 

1— t 

cs 



in 



5 

r-* 



o 

vd 



oO 

ON* 



vq 
vo 



VO 

o 



oo 
oo 

ON 



cs 

00 
Os 



lO 



VO 

o 



m 



vn 



to 



CO 



CS 
m 



m 



vo 



VO 



VO 



cs 



S 



I 

1 



o 



i 

3 

O 



VO 



o 

% 



I 



is 



3* 
o 



vo 

lO 



oo 
m 



oo 



VO 



9 



VO 



• 



s 



s 



CO 

o 



CO 

o 



CO 

o 



ON 



ON 

CO 
CS 



ON 

CO 
CS 



o 
in 



vo 



vq 

CO 



VO 
CS 



CO 



•55 
c 

5> 



OO 

ON 



O 
CO 



cs 

00 
CO 



On 

CO 

CS 



> 
5 



as 
» 

co 
cs 



VO 
OO 
CO 



CS 

oo' 

CO 



vq 

co 
«n 



VO 
CO* 

vo 



CO 



cs 

CO 



* s " 1 * 

CO 



oo 

8 



oo 

5T 



in 
oo 



cs 

00 



I 

pi 



o 
od 

CO 



VO 
CO 



s 

ON 



cs 
o 



s 

ON 



o 

*■ 

o 



00 

T— « 

00 



vd 



ON 

o 

ON 



o 
oo 

od 



vo 
od 



0Q 

od 
in 



oo 
in 



OX 



g 

1 



3 

o 



OQ 



ON 



| 
I 



00 

cs 
vd 



in 

vd 



VO 
O 

cs 



ON 
CO 



CO 

o\ 



vo 
OO 



CO 

cS 

CO 



ON 

o\ 



00 

oo 
od 



S3 

ON 



1 

Ft* 

i 

a 



o 



O 

vo 
vd 



9 



CS 



o> 

CO 



o 

■ 

o 



cs 
cs 



5! 



9 

od 



o 

00 



"3- 



CO 

* 

o 



oo 

VO* 



oo 

00 



ON 

o 



ON 

cs 



vo 
oo 



in 

CO 



CO 

in 

CO* 



9 



od 



S3 



VO 
OO 



o 



cs 

CO 



in 

CO 



ON 
CO 



VO 
O 

od 



oo 



oo 



cs 



ON 



VO 

m 



CO 

cs 

CO 



CO 

vo 



as 
cs 



in 



cs 



o 

a 

O 



CS 

o 



o 
o 



ON 



vo 

m 



co 
vd 



ON 



cs 



CO 

0 

o 



CS 
VO 



o 

# 

o 



«n 



cs 



o 



*0*ij OJ ^ *1 



■a 



,0£ . 



O 



ox .rt 





WO 2004/020678 



10/14 



PCT/BR2003/000096 




WO 2004/020678 



11/14 



PCT/BR2003/000096 



</5 



a 
•J 

u 



I 



•fi 



fO 



I 

•g 



§ i 



CN 
co 

CO 



m 



oo 



CM 

as 

co 



oo 

CO 



CN 

oo 

CO 



h 



OO 



CN 
CN 



MO 



os 



CN 



CN 
in 



OO 

OS 



bp 



1 



a 

o 



WO 2004/020678 



12/14 



PCT/BR2003/000096 




WO 2004/020678 



13/14 



PCT/BR2003/000096 




WO 2004/020678 



14/14 



PCT/BR2003/000096 




INTERNATIONAL SE 



H REPORT 





A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C22B19/02 C22B19/20 C22B3/08 




Intematlt ■ Plication No 

PCT/BR 03/00096 



C22B3/20 



C22B3/44 



According to International Patenl Classification (IPC) or to both national classlflcallon and IPC 
a RELDS SEARCHED 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 



Citation of document, with indication, where appropriate, of the relevant passages 

WO 00 46412 A (COMPANHIA MINEIRA DE METAIS 
;S0UZA ADELSON D (BR); MENDES MARCEL0) 
10 August 2000 (2000-08-10) 
page 3, line 12 - line 21 

EP 0 851 034 A (MITSUI MINING & SMELTING 
CO) 1 July 1998 (1998-07-01) 
page 2; figures 1,7 

DATABASE UP I 
Section Ch, Week 198917 
Derwent Publications Ltd., London, GB: 
Class J01, AN 1989-127976 
XP002259834 

& RO 95 47.3 A (INTR METALELOR RARE), 
30 September 1988 (1988-09-30) 
abstract 



| X| Further documents are listed In the continuation of box C. 
Special categories of cited documents : 



Relevant to claim No. 



1-8 



1-8 



1,2,5,6 



Patent family members are listed in annex. 



"A* document defining the genera) state of the art which is not 
considered to be of particular relevance 

a E* earlier document but published on or after the International 
filing date 

•L* document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*Cy document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the International fiBng dale but 
later than the priority date claimed 



Date of the actual completion of the international search 



*V later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X s document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art 

"&" document member of the same patent family 



30 October 2003 



Name and malDng address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswjk 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 



Form PCT/ISA/210 (second sheet) (July 1992) 



Date of mailing of the International search report 

20/11/2003 



Authorized officer 



Bombeke, M 



page 1 of 2 



INTERNATIONAL SE 




H REPORT 



lntematk J fcilcation No 

PCT/BrTs/00096 



Category ° 



Citation of document, with Indication .where appropriate, of the relevant passages 



Relevant to claim No. 



DATABASE WPI 

Section Ch, Week 198742 

Derwent Publications Ltd., London, GB; 

Class Mil, AN 1987-296889 

XP002259835 

& RO 91 334 A (INST ING TEHN IND), 
30 March 1987 (1987-03-30) 
abstract 

US 4 070 260 A (DREULLE NOEL) 
24 January 1978 (1978-01-24) 
example 2 

US 4 399 109 A (ILER RALPH K ET AL) 
16 August 1983 (1983-08-16) 
abstract; figure 1 



1,2,5,6 



1,5 



2,6 



Form PCT/lSA/210 (continuation of second sheet) (July 1992) 



page 2 of 



2 



IN I tKNAMUN 

Information o 



t AKUM KbHUK I 

t family members 



Internal ^fecationNo 

PCT/BR^'00096 



I Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) J 


date 


WO 0046412 


A 


10-08-2000 


AU 


1645600 A 


25-08-2000 








WO 


0046412 Al 



10-08-2000 




EP 0851034 


A 


01-07-1998 


AU 


710154 B2 


16-09-1999 








AU 


3688697 A 


02-07-1998 








AU 


716750 B2 


02-03-2000 








AU 


4234699 A 


28-10-1999 








CA 


2214611 Al 


27-06-1998 








DE 


69703648 Dl 


11-01-2001 








DE 


69703648 T2 


03-05-2001 








EP 


0851034 Al 


01-07-1998 








cc 
to 




01-02-2001 








JP 


11106843 A 


20-04-1999 








IMU 












ZA 


9708055 A 


09-09-1998 


R0 95473 


A 


30-09-1988 


R0 


95473 A2 


30-09-1988 
1 


R0 91334 


A 


30-03-1987 


RO 


91334 A2 



30-03-1987 
1 


US 4070260 


A 


24-01-1978 


FR 


2300814 Al 


10-09-1976 








AU 


504222 B2 


04-10-1979 








AU 


1100276 A 


18-08-1977 








BE 


837694 Al 


19-07-1976 








DE 


2604440 Al 


26-08-1976 








ES 


444944 Al 


16-04-1977 








JP 


1081087 C 


29-01-1982 








IP 

or 












jp 


56025260 B 


11-06-1981 








NI- 


7601169 A ,B, 


17-08-1976 








NO 


760096 A ,B, 
— 


17-08-1976 
1 


US 4399109 


A 


16-08-1983 


AU 


538447 B2 


16-08-1984 








AU 


1166783 A 


06-10-1983 








CA 


1212840 Al 


21-10-1986 








DE 


3364230 Dl 


31-07-1986 








EP 


0089254 Al 


21-09-1983 








FI 


830590 A 


27-08-1983 








JP 


1327750 C 


30-07-1986 








IP 




1 7-1 2—1 








jp 


60054377 B 


29-11-1985 








NO! 


830672 A 


29-08-1983 








PH 


17974 A 


22-02-1985 


1 * i 



Form PCT/ISA/210 (patent family annex) (July 1992) 



